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We investigate the role of monopoles in the deconfinement transition of finite temperature SU(2) QCD in the
maximally abelian gauge. In the confinement phase a long monopole loop exists in each configuration, whereas
no long loop exists in the deep deconfinement region. Balancing of the energy and the entropy of loops of the
maximally extended monopoles can explain the occurrence of the deconfinement transition.
1. Introduction
Recent studies in abelian projected QCD on
lattices show that condensation of monopoles
seems to cause confinement of quarks [1]. The
’tHooft’s idea of abelian projection is to fix the
gauge in such a way that the maximal torus group
remains unbroken. QCD is regarded as an abelian
theory with monopoles [2]. If the monopoles make
Bose condensation, quarks are confined due to the
dual Meissner effect.
The long range property is expected to be im-
portant in the confinement phase of QCD. Con-
sidering extended monopoles which corresponds
to performing block spin transformations on the
dual lattice is important [3]. Recently interesting
results have been found [4]:
1. A monopole effective action can be calcu-
lated for extended monopoles.
2. As the extendedness of monopoles becomes
bigger, βc tends to be larger. Here βc is
where balancing of the energy and the en-
tropy of a monopole loop occurs.
3. The effective action for n3 extended
monopoles becomes the same for any n writ-
ten in terms of b, b = na(β). Hence corre-
sponding to βc, there exists a unique value
bc = 5.2×10
−3Λ−1
L
for extended monopoles,
above which monopoles condense.
4. Suppose that the above facts remain cor-
rect in the infinite volume limit. QCD is al-
ways (for any β) in the monopole-condensed
phase. Abelian charges after abelian projec-
tion are always confined and, at the same
time, color charges are confined.
What about T 6= 0 QCD? The biggest differ-
ence from T = 0 QCD is that the time extent
is finite. Because Nt is finite, infinitely extended
monopoles can not be adopted. There is a max-
imum size of extendedness, so that βc is neces-
sarily finite in contrast to the T = 0 QCD case.
We investigate what are the maximally extended
monopoles and whether βc can be explained by
balancing of energy and entropy of the monopole
loops.
2. The role of monopoles in the deconfine-
ment transition
It has been found that the monopole action in
the confinement phase in the T 6= 0 QCD is the
same as that given in T = 0 QCD [7]. The en-
ergy of a monopole loop can be estimated by the
self-energy term of the action. However the en-
tropy of the monopole loops must be affected by
the finiteness of the time direction. To study the
entropy, we investigate the behavior of monopole
loops in T 6= 0 SU(2) QCD. First, we calculate
the length of monopole loops [5]. Fig.1 shows
the histogram of the length of monopole loops.
These data are obtained from 3000 configurations
in the confinement region and 1500 configurations
in the deconfinement region on 163 × 4 lattice.
For β < βc(= 2.298), a long loop exists in each
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Figure 1. The histogram of the length of 13
monopole loops on 163 × 4 lattices.
configuration and all other loops are short. Long
loops have a characteristic length at each β and
the length becomes short around βc. For β > βc,
no long loop exists. In T 6= 0 SU(2) QCD, the
monopole currents contained in a long loop can
reproduce the full value of the string tension [6].
This suggests that the long loop is related to the
confinement mechanism in T 6= 0 QCD.
Next, we investigate the distribution of
monopole currents contained in a long loop from
its center. The mean square of the distance from
the center is calculated. If the monopole currents
exist uniformly in the N3s ×Nt lattice, R
2 should
be
1
N3
s
Nt
∫
d4x(x2 + y2 + z2 + t2) =
N2
s
4
+
N2
t
12
. (1)
R2 versus β on 243 × 6 lattices is shown in Fig.2.
For β < βc(= 2.426), the monopole loop is al-
most uniform in the whole lattice because the
data are consistent with Eq.(1). For β > βc, it
is not uniform. In the confinement phase, sup-
pose that an n3 monopole loop spreads uniformly
through the lattice, we may define the effective
size of monopoles as follows:
l3(n) =
(Ns/n)
3 × (Nt/n)
〈L(n)〉
, (2)
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Figure 2. R2 versus β on 243 × 6 lattices. The
dashed line indicates the location of the βc.
where the numerator is the volume of the effective
lattice of an n3 monopole, which we call renormal-
ized lattice. The denominator is the length of the
monopole loop in the renormalized lattice unit.
We define l¯ = [l] + 1, where the symbol [l] is the
integer not exceeding l. If the monopole current
with a range l¯ is set on a link, the nearest current
can be put on links l¯ apart in the renormalized
lattice unit. Hence for n3 extended monopoles
having the rounded range l¯, the entropy can be
discussed on a reduced lattice defined by(
Ns
nl¯
)3
×
(
Nt
nl¯
)
. (3)
Fig.3 shows a remarkable fact about l(n) at βc.
l(n) is always equal to the half of the time extent
of the renormalized lattice (Nt/(2n)) at βc. For
example on 243 × 8 lattice, l(n) is equal to two
at βc for 2
3 monopole and equal to one for 43
monopole. Then the entropy of an n3 extended
monopole loop for any n should be calculated al-
ways on reduced lattices with the time extent 2.
This means that the entropy of n3 monopole is
the same for any n if the original lattice is the
same. What is the entropy of the monopole loop
on the reduced lattice with the time extent 2? It
is apparent that the entropy is smaller than ln 7
per unit length in the T = 0 case. The monopole
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Figure 3. l(n) versus β on various lattices. The
parenthesized number represents the extended-
ness of monopoles.
loop is very long and occupies almost all the re-
duced lattice sites. The time extent is only two
and monopoles can not be regarded as completely
point-like at βc due to their effective size. The en-
tropy is difficult to estimate accurately. Anyway
the entropy for any extended monopole on the
same original lattice is the same.
On the other hand, we can see the energy per
unit monopole loop length, which can be well ap-
proximated by the coupling constant of the self-
energy term of the monopole action [7]. The cou-
pling constant is shown in Fig.4. We see that the
energy is smaller for larger extended monopoles.
To determine the deconfinement transition point,
larger monopoles may be more important. What
is the maximum size of extended monopole? To
define the monopole currents the renormalized
lattice should have two independent lattice sites
in the time direction. This means the maxi-
mally extended monopole is always (Nt/2)
3 one.
The coupling constant of maximally extended
monopoles takes about 1.16 for each original lat-
tice at βc. In Fig.4, 2
3 ( 33, 43) monopoles are
maximum for Nt = 4 ( 6, 8) and the coupling
constant is about 1.16 at βc,2.298 ( 2.426, 2.51).
In conclusion, if the entropy on a reduced lat-
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Figure 4. The coupling constant of the dominant
self-energy term of the monopole action versus β
for various sized monopoles on 243× 8 or 243 × 6
lattices.
tice with the time extent 2 is proved to be about
1.16, the deconfinement transition is understood
by balancing of the energy and the entropy of
maximally extended monopole loops on any lat-
tices. It is interesting that the deconfinement
transition may be explained by such a simple
idea. We should estimate the entropy accurately
to prove the statement.
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